Mycoplasma agalactiae is the main causal agent of contagious agalactia syndrome in Spain. It is a severe disease of small ruminants, endemic in Mediterranean countries, that is characterized by mastitis, arthritis, and keratoconjunctivitis. This paper investigates the temporal, spatial, and host-related factors in the distribution of M. agalactiae infection from October 1996 to November 1998 and March 2002 to May 2003 in Spanish ibex (Capra pyrenaica) populations from Andalusia, in southern Spain. The predisposing factors to infection among previously selected factors (year of sampling, climatic season, geographic origin according to province, mountain range and metapopulation, sex, year of life, presence of scabies, and phase of the reproductive cycle) were established. We collected conjunctival and ear-canal swabs from 411 free-ranging ibexes. The frequency of infected ibexes was 11.2%. The peak frequency of infection occurred in 1998 and in summer. Granada was the province with greatest risk (odds ratio52.6) of carriers (18.8% infected). The predisposing factors were sex (females), age (young animals), and metapopulation (Sierra Nevada). We identified a higher number of infected ibexes in the metapopulation ''Sierra Nevada'' (34/ 256) and significant differences among the three established metapopulations (P,0.01). Mycoplasma agalactiae infection represents a risk for population density and maintenance of these wild populations; infections can result in blindness, malnutrition, and polyarthritis leading to numerous deaths.
INTRODUCTION
The Spanish ibex (Capra pyrenaica) is the unique native Caprinae species on the Iberian Peninsula, and natural populations are found in a large portion of southern and eastern Spain. Andalusia is a region located in the south of Spain; it is delimited on the south by the Atlantic Ocean, on the north by the regions of Extremadura and Castilla La Mancha, on the east by the region of Murcia and by the Mediterranean Sea, and on the west by Portugal. Spanish ibexes are the most numerous in the Andalusian Mountain regions (Pé rez et al., 2002) , but since the mid-1980s, these populations have been affected by infectious diseases, such as sarcoptic mange, which have contributed to a significant population decline (Leó n et al., 1999; Pé rez et al., 1997 Pé rez et al., , 2002 . Few studies have investigated the demographic, ecologic, biologic, and genetic characteristics of the Spanish ibex in Andalusia; there also is limited information on the infectious diseases that may impact these populations (Leó n et al., 1989 (Leó n et al., , 1992a (Leó n et al., , 1992b Pé rez, 2001) .
In Europe, Spain is ranked second for the number of goats, and Andalusia is the region primarily associated with goat production (Ministry of Agriculture and Fishing of Spain, 2005) . Contagious agalactia syndrome (CAS) in small dairy ruminants is characterized by mastitis, arthritis, keratoconjunctivitis, and, occasionally, abortion (Nicholas, 2002) and pneumonia (Cokrevski et al., 2001) . It has been reported worldwide and is endemic in most Mediterranean countries (Contreras et al., 2003) . In Spain, CAS is the major cause of economic losses in dairy goat production, and it is widely distributed throughout the country, in-cluding the Canary Islands (Real et al., 1994) . Mycoplasma agalactiae is the most common agent associated with disease in small ruminants; in Spain, the species causes 90% of CAS outbreaks (Garrido et al., 1987) .
Mycoplasma conjunctivae infection is most frequently associated with free-ranging Caprinae in European ibex, and there have been reports of affected alpine ibex (Capra ibex ibex), chamois (Rupicapra rupicapra), and wild sheep (Ovis ammon; Giacometti et al., 2002) . Other mycoplasmal infections have been reported in captive wild ungulates, including a recently reported infection by ''group Mycoides'' mycoplasmas in Vaal rheboks (Pelea capreolus) (Nicolas et al., 2005) and Mycoplasma capricolum infection in an ibex (Schweighardt et al., 1989) . We have previously reported various mycoplasmal infections in Spanish ibex populations (Gonzá lez-Candela et al., 2006) ; however, the present study is the first epidemiologic analysis of M. agalactiae infection in Caprinae. Because there are no data available about temporal, spatial, or hostrelated factors influencing M. agalactiae infection in natural populations of ungulates, this work contributes to the understanding of basic disease epidemiology, which will aid in the prevention and control of future CAS mycoplasmal infections in wild goats in Spain and other Mediterranean countries.
The purpose of this study was to establish the epidemiologic factors that influence M. agalactiae infection dynamics and that could act as predisposing factors to disease in the future.
MATERIALS AND METHODS

Temporal distribution of samples
Sampling was done from 1996 to 2003; however, no samples were collected during 1999-2001. Animals were sampled by veterinarians, biologists, and by the technical staff (veterinarians and wildlife personnel) working at the National Park of Sierra Nevada, in Granada and Almeria. Sample size varied by year (1996: n53; 1997: n5131; 1998: n5173; 2002: n577; 2003: n527) and season (winter: n5120; spring: n5177; summer: n597; autumn: n517).
Spatial distribution of samples
The study was conducted on Spanish ibex populations from the massifs of the Andalusia region in southern Spain (36uN to 38u609N, 1u759W to 7u259W). We analyzed 411 freeranging ibex individuals originating from the mountain ranges of the provinces of Almería (n5161), Cá diz (n511), Granada (n5117), Jaé n (n531), and Málaga (n591).
For analyses, we established three metapopulations based on the geographic origin of the animals and the genetic studies conducted by Pé rez et al. (2002) . The most extended metapopulation (Sierra Nevada; n5273) included the mountain ranges of Sierras de la Contraviesa, Laujar, Lú jar, Gádor, and Nevada. The metapopulation ''Sierras de Jaé n'' (n530) included the mountain ranges Sierras de Alta Coloma, Má gina, Los Canjorros, and Cazorla; Sierras de Málaga (n5108) included the mountain ranges of Má laga and Cá diz (Sierras de Tejeda-Almijara, Tejeda, Grazalema, Líjar, Los Alcornocales, Ronda, Bermeja, Alcaparaín, Aguas, Prieta, Ortegícar, Peñ arrubia, De la Chimenea, Camarolos, Madroñ o, and Loja; Fig. 1 ).
Host-related factors
The sampled group included 275 males and 136 females. Female reproductive status was classified as estrus (October to January; n545), pregnancy and parturition (February to May; n5213), and lactation (June to September; n5153).
Data and sample collection
Hunter-killed animals were sampled by forest agents; additional samples were taken from animals captured for scientific studies and from a few that were found dead. Conjunctival and ear-canal exudates were collected with sterile swabs using Amies medium with Charcoal (Venturi Transystem TM , Copan Italia, Bovezzo, Italy) and refrigerated at 4 C during transport to the Infectious Diseases Laboratory of the Faculty of Veterinary Medicine at the University of Murcia. Samples were cultured for a maximum of 3 days after collection for the presence of mycoplasma using the recommendations described by Cottew (1983) , Whitford (1994) , and the OIE (2004) .
Mycoplasmas were isolated in solid and liquid forms of selective modified Hayflick's medium. Briefly, the medium consisted of: standard mycoplasma PPLO Growth medium TM (Difco Laboratories, Detroit, Michigan, USA) enriched with 16% horse serum, 0.5% yeast extract, 0.5% glucose, and 0.6% brainheart infusion (Difco Laboratories), supplemented with arginine, cysteine, nicotinamide, deoxyribonucleic acid (0.05%), and 0.1 mg/ml of sodium ampicillin. Plates with solid medium and 2.0 ml of liquid medium were inoculated directly and incubated 3 to 7 days at 37 C in a humid chamber with 10% CO 2 . At days 7 and 14, 0.2 ml of liquid and solid media were reinoculated on new media under the same conditions; total incubation time was 21 days. Plates were observed daily, and when mycoplasmal growth was visualized microscopically, isolates were cloned and identified.
The biochemical profile (sensitivity to digitonin, hydrolysis of urea, fermentation of glucose, hydrolysis of arginine, phosphatase activity, film and spots production, tetrazolium reduction, liquefaction of inspissated serum, and hydrolysis of casein) of the mycoplasma isolates, which were cloned four times, was determined using the methods of Aluotto et al. (1970) . The growth inhibition test was done using hyperimmune antisera obtained from rabbits (against the reference strains of caprine mycoplasmas that are used for serologic identification) as recommended by Poveda and Nicholas (2000) .
Strains identified as M. agalactiae were analyzed by polymerase chain reaction (PCR) to confirm their identity. The technique was based on a fragment of the 16S rRNA gene as described by Chá vez-González et al. (1995) . Some modifications of this technique were made; briefly, we used 2.5 ml of sample, 2.5 U of Taq DNA polymerase, 10 mM of Tris-HCl (pH 9.0), 50 mM of KCl, 1.5 mM MgCl 2 , 200 mM of each dNTP, 1 ml of 2.5 mM of each primer, and 25 ml of total amount of mixture. The PCR protocol included 35 amplification cycles using a Tpersonal 48 TM model (Whatman Biometra, Goettingen, Germany) and a hot start for 5 min at 94 C. Cycles consisted of an initial denaturation for 45 sec at 94 C, 1 min at 60 C, and 2 min at 72 C. The final extension step consisted of 10 min at 72 C. Extraction of genomic DNA from cultures and visualization of PCR products were done as described in Chávez-González et al. (1995) .
Six M. agalactiae isolates and the type strain PG2 were sequenced at the DNA Sequencing Service of the University of Murcia. The sequences were analyzed with Chromas Lite# program (Technelysium Pty. Ltd., Australia) and compared with sequences deposited in GenBank (NCBI) using the program BLASTN 2.2.11 (Altschul et al., 1997) .
Statistic analysis
Risk factors potentially associated with the prevalence of M. agalactiae used in the analyses included year of sampling, climatic season, province, mountain ranges, metapopulation, sex, age, presence of scabies, and the reproductive cycle. Statistic analyses were performed with Microsoft EXCEL 2000# (1985 Finally, we included the statistically significant factors in a logistic regression model to identify predisposing risk factors. The initial formula was: ln
When the data were recovered in the original scale by transforming p, the final formula of the regression was: p~e
ln is the Neperian logarithm, p is the probability, a is a constant, b is a regression coefficient, x is the independent variable, and e is the exponential.
RESULTS
Identification of M. agalactiae and presence of scabies
Mycoplasma agalactiae was isolated from 46 of the 411 (11.2%) Spanish ibexes. Sequences comparison made using the program BLASTN 2.2.11 (Altschul et al., 1997) confirmed the identity of the six strains sequenced as M. agalactiae.
Fifty Spanish ibex were infected by Sarcoptes scabiei; six of these were infected with M. agalactiae. There was no significant association between the two infections; scabies did not represent a risk factor in M. agalactiae infection (OR51.09; 0.4,OR,2.6). The six coinfected animals came from the Granadine portion of Sierra Nevada mountain range.
Temporal-spatial distribution of M. agalactiae infections Significant differences in prevalence of M. agalactiae were detected between years (x 2 531.29; df54; P,0.01); data from 1996, when only three ibex were sampled, and 1998, when there was an epidemic of CAS in ibex in Almeria and Granada (21.4% infected) were excluded from the analysis (Table 1) . There was no statistic relationship detected between climate and M. agalactiae prevalence, although the highest frequency of infected ibex was observed in summer and spring (Table 1) .
The highest prevalence of infected animals was observed in Granada (22/46; 48%; (P,0.01)). In Almeria, 19 infected ibex (19/46; 41%) were observed. Although not significantly different, the lowest prevalence was observed in Malaga (Table 2) .
Most of the infected ibex (34/46, 74%) were from the Sierra Nevada mountain range (SN), which extends along two provinces, Granada (GR) and Almeria (AL). In this range, there were 20 infected ibexes in Granada and 14 in Almería. In bordering mountain ranges in the southwest and east, including the Sierra de la Contraviesa, which extends along Almeria and Granada and the Sierra de Gador in Almeria, two and three additional M. agalactiae infected ibex were detected, respectively (Fig. 1) .
Distribution by metapopulation
As in the mountain-range analysis, the highest prevalence of infection (40/273; 14.6%) was observed in the Sierra Nevada metapopulation (OR53.78; 1.48,OR .10.19), and there were significant differences between observed prevalences in each metapopulation (x 2 59.99; df52; P,0.01). The lowest prevalence (4/108) was observed in the Sierras de Malaga metapopulation (OR50.24; 0.7,OR. 0.72; P,0.01). The infection rate for the Sierras de Jaen metapopulation was 6% (2/30).
Host factors influencing infection
Prevalence rates of infection in males (8.4%) and females (16.9%) were significantly different (x 2 56.69; df51; P,0.01). Females were more at risk of infection (OR52.23; 1.15,OR.4.33), whereas the males showed a tendency to be protected against M. agalactiae infection (OR50.45; 0.23,OR.0.87).
A significant association was detected between age (year of life) and M. agalactiae infection (Table 3) . Most (32/46: 70%) of the infected animals were in the year-one to year-four age classes. The highest prevalence was detected in the year-three age class (11/41, 27%). In the older age classes, prevalence was generally low; the only exception was in the 13-yrold animals.
Infection was related to reproductive cycle (x 2 58.42; df52; P,0.01). The greater frequency of infection was observed during the lactation cycle (Table 4).
Predisposing factors: Multifactor analysis
The explanatory variables metapopulation, sex, and age were included in the logistic regression equation. The regression equation applied for the graphic projection of the model was: where Pr M. ag. is the probability of M. agalactiae infection, e is the exponential, a is the equation constant, b is the coefficient of independent variables, and x is the value of independent variables. The results of the equation indicated a significant relation between the original metapopulation and the life year, as well as sex (Table 5) . In all metapopulations, young ibex had a significantly higher probability of M. agalactiae infection. Females in the Sierra Nevada metapopulation also had a higher probability of infection. Males in the Sierra Nevada metapopulation did have a higher prevalence of infection than males in the other metapopulations; prevalence also was higher than values observed in females of Sierras de Malaga metapopulation (Fig. 2) .
DISCUSSION
In Spain, M. agalactiae is responsible for 90% of CAS outbreaks in domestic sheep and goats (Garrido et al., 1987; Rodriguez et al., 1996; Gil et al., 2003; De la Fe et al., 2005) . A similar situation exists with domestic goats and sheep in Andalusia (Villalba, 2005) . In wild ruminants in Spain, antibodies to M. agalactiae have been reported from Spanish ibexes in the province of Malaga, as well as roe deer (Capreolus capreolus) and red deer (Cervus elaphus) in Cadiz (Leó n et al., 1992a (Leó n et al., , 1994 . Based on these previous reports, the high caprine population density in the studied area (Ministry of Agriculture and Fishing of Spain, 2005) , and the potential for interspecific transmission among domestic sheep and goats, deer, and the ibex, the relatively high frequency of positive cultures in Spanish ibex reported in this study is not unexpected.
In the last decade, scabies affected some populations of wild goats, mainly in the southern Spain, specifically in the Natural Park of Sierra Nevada (Granada and Almeria) (Pé rez et al., 1997) . Almost all ibex populations in Andalusia are affected by scabies, as reported for populations from the Natural Park of Sierras de Cazorla, Segura y Las Villas (Leó n et al., 1989) , or Sierra Mágina in Jaen (Palomares and Ruiz-Martinez, 1993) . Other wild ruminant species such as red deer, fallow deer (Dama dama), and mouflon (Ovis musimon) (Leó n et al., FIGURE 2. Trend of probability of Mycoplasma agalactiae infection in free-ranging Spanish ibexes based in a regression model including sex, age, and metapopulation as predisposing factors. 1992b) also are affected. Ibex may become immune suppressed as a result of scabies infections; however, in this study, no statistic association was observed between scabies and M. agalactiae infections. Because mange lesions are often difficult to observe in the field at extended distances, additional evaluations of this potential interaction are warranted.
Adverse climatic conditions, as well as other stress factors, also may influence diseases dynamics and the susceptibility of the animals to infections. Other factors, such as high population density, previous overpasturing, movement of infected domestic flocks (DaMassa et al., 1987; Kinde et al., 1994) , and the presence of chronic or systemic diseases that compromise the immune system (DaMassa et al., 1987; Corrales et al., 2004 ) also may affect disease epidemiology. The annual report on the climate (Environmental Council of Regional Government of Andalusia, 2005) considered 1997 an anomalous and very warm year in Spain. In Andalusia, 1997 was characterized by abnormally high temperatures in winter and spring, followed by an increased relative humidity in summer; in 1998, there was a transition between a humid period and a severe period of drought in Andalusia. This climatic variability may explain why both of these years were identified as significant risk factors for M. agalactiae infection.
According to Chirosa et al. (2001) , the population density of C. pyrenaica increased between 1996 and 1998. Since the year 2000, the National Park staff adopted a management policy to control population density in order to control the incidence of scabies within the population (Ministry of the Environment of . The subsequent population reductions may have influenced the reduction in M. agalactiae-infected ibex observed in this study after 2000. The lower frequency of infected ibexes observed after 2000 also may have been related to the epidemiologic pattern of this disease; in domestic flocks, the infection usually develops a cyclical character due, in part, to the acquisition of temporary immunity (Bergonier et al., 1997) . This same temporal pattern of infection in domestic goats was reported by Villalba (2005) ; between 1997 and 2001, the number of infected animals increased, and between 2002 and 2003, the prevalence of infection dramatically decreased. These consistent results observed in ibex and domestic goats imply some interspecific relationship, but additional and more detailed characterization of isolates is required to fully understand such potential interactions between wild and domestic species.
The period of lactation in ibex occurs in the summer, and both risk factors (season and reproductive phase) were associated with a higher frequency of infection. The association between lactation and infection by M. agalactiae is commonly observed in domestic flocks, which is consistent with intramammary transmission (Bergonier et al., 2003) .
Information on the regional caprine production system in Andulusia may be needed to fully understand both the geographic pattern and the transmission dynamics of M. agalactiae in these domestic and wildlife populations. In eastern Andalusia, most goat production is associated with communal and rented pastures; this situation is different in western Andalusia, where goat herds are more restricted to individual pastures. The caprine production in Andalusia consists of a semi-extensive system of production (Public Company for Agricultural and Fishing Development of Andalusia, 2004) , and it is possible that risks of transmission are higher (as observed in our study) in the eastern area (Almeria and Granada), where different herds share pasture. The geographic distribution of M. agalactiae also may be influenced by transhumance, which involves the transferring of livestock from one grazing ground to another (as from lowlands to highlands) with the changing of season. Transhumance occurs due to the regional pasture and climatic conditions and can increase the probability of domestic and wild flocks sharing pastures in summer and winter. According to Bergonier et al. (1997) , two major factors govern the evolution of the prevalence of M. agalactiae in domestic sheep and goats: the physiologic status of females and the movement of animals linked to transhumance, which promotes multiple contacts and stress. As the domestic animals and wildlife share pastures during transhumance, increased transmission to wildlife may occur. Such a relationship has been previously demonstrated with the transmission of Mycoplasma conjunctivae between domestic and wild small ruminants that share habitat in the Alps (Belloy et al., 2003) . Our results demonstrated an association with mountain range; a high prevalence of M. agalactiae was observed in the Sierra Nevada. This association may be related to the combined effects of movement activities associated with transhumance and to increased ibex population density in the National Park of Sierra Nevada. The ibex population of the Natural Park of Sierra Nevada is very dense and larger than other populationsvalues ranged between 6.5 and 8.2 animals/km 2 until 2000 (Pé rez et al., 2002) . Of the three metapopulations of C. pyrenaica included in this study, the Sierra Nevada metapopulation is the most genetically diverse (Manceau et al., 1999) . This metapopulation maintains seven of the 10 haplotypes that characterize the Andalusian populations (Pé rez et al., 2002) ; the population from Malaga and Cadiz, which were included in the metapopulation Sierras de Má laga, only maintains two of the 10 haplotypes. In domestic caprines, genetic factors linked to some breeds of dairy goats can influence susceptibility to intramammary infections (Barillet et al., 2001; Rupp and Boichard, 2003) . It is therefore possible that the susceptibility of Spanish ibex to diseases such as contagious agalactia may be linked to genetic differences. Related to these potential genetic differences, our prediction model suggests that the female population of Sierra Nevada has a greater probability of infection. In the Sierra Nevada metapopulation, six exclusive haplotypes are present, but the most common haplotype also is present in the Sierras de Jaé n metapopulation (Ministry of the Environment of . Females from the Sierras de Jaé n metapopulation had the second greatest probability of M. agalactiae infection, after the Sierra Nevada population.
There is little published information on the potential effects of gender as a risk factor for M. agalactiae. Domestic sheep and goats of both sexes can be infected at the same frequency (Madanat et al., 2001 ), but morbidity is most often associated with pregnant and lactating females rather than males (Ruffin, 2001) ; this probably relates to changes in immunologic competence caused by physiologic and hormonal changes associated with reproduction (Real et al., 1994) . Lactating females often have morbidity rates between 10% and 90% (Bergonier et al., 1997) , and in our study, females also had a higher frequency of infection. Mycoplasma agalactiae is transmitted orally (Hasso et al., 1994) , and, based on this transmission route, differences in infection rates between sexes should not occur at young ages (Jones, 1987) . However, there may be gender-related behaviors in ibex that are not present in the domestic sheep and goat herds that limit direct comparisons between these populations. In ibex populations, males are generally segregated except during the mating season, and, in general, the populations of Spanish ibex organize in groups of females with kids and young goats that have limited contact with groups of adult males (Alados, 1985) . In spite of this statistic correlation and the low frequency of infection observed in males, it is important to recognize that males are infected and may play an important role in the epidemiology and the maintenance of M. agalactiae; most of the isolates from males came from the ear canal (otic exudates), and infected animals did not exhibit any clinical signs related to these infections.
Other factors that may affect the epidemiology of M. agalactiae in Spanish ibex populations include population imbalances characterized by a sex-and ageratio disparity favoring males, subadults, and old animals (Chirosa et al., 2001) , anthropogenic factors, such as increased hunting pressure, and habitat-related anthropogenic factors, such as greater tourism in the Sierra Nevada regions (Ministry of the Environment of Spain, 2005). These factors have been linked to disease problems in wild sheep populations (Fedosenko and Weinberg, 1999; Sfougaris et al., 1999) .
Further research on the molecular epidemiology of M. agalactiae in both domestic and wild Caprinae of the region will be necessary to fully understand the epidemiology of this disease and confirm the origin of the infection in Spanish ibexes. The infection in wild Caprinae populations could affect population dynamics in the Andalusian region, and Spanish ibex could act as a mycoplasma carrier, maintaining the pathogen in the environment and increasing the risk of infection for other wild ruminants as well as domestic goat flocks. A better understanding of M. agalactiae epidemiology therefore is needed to effectively manage these populations, especially in areas such as the National Park of Sierra Nevada.
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